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The psychologic tests now used in determining the
ability of candidates for the aviation service to with-
stand altitude have been developed for use under the
practical conditions of the Henderson rebreathing
apparatus, in which the rate of oxygen decrease is
rapid. The statements made here with regard to the
course of the phenomena apply only to conditions of
brief ascents, and do not necessarily hold in all partic-
ulars for cases in which the aviator is kept at corre-

sponding altitudes for long periods of time.
The effects of oxygen insufficiency on the physiologic

process were in the beginning of our work studied
empirically, with the least possible hypothetic guidance.
Our results square distinctly with the conception of
psychologic processes as integrative, that is, as depen-
dent on the working together of the central nervous

system as a whole rather than on the action of any
specific parts of the system.

The basic and important psychologic effects of
oxygen deficiency are on voluntary sensorimotor
coordination and attention. Until asphyxiation reaches
the stage in which the integrative mechanism is rapidly
approaching the condition of complete failure, no
effects are demonstrable that are not clearly the failure
of the one or the other, or both, of these two mental
factors. In the prefinal stages perception is as efficient
as the muscular control of the sense organs and organs
of expression, and the power to attend to the stimuli,
permit. Discriminative judgment, likewise, shows no

falling off in rapidity or accuracy except as impaired
motor control and attention produce it. Memory, both
"immediate memory," as tested by the ability to repro-
duce what has been perceived or learned immediately
before, and "true memory," as tested by the ability to
reproduce something that has been "latent" for a cer-
tain interval after being learned, is apparently not
affected, except as the inability to attend to the
details in learning or in reproducing, or inability to
control the muscular mechanism of expression, may
enter. The efficiency of limited neuromuscular groups,
as indicated by dynamometer tests, is not impaired in
the prefinal stages of asphyxiation.

As instances of tests involving perception and dis-
crimination, we may cite the copying of a list of words
and the translation of words into code. In both of
these cases, speed and accuracy are maintained up to
the final stages of asphyxiation, provided the muscular
mechanism of accommodation and convergence is not
seriously affected ; although the mechanism for hand-
writing may be so affected that the written results
of the list are legible with difficulty.

In more complicated discrimination, in which rapid
and accurate recognition and classification of material
are required, the results are similar. Ability to locate
correctly on a chart the positions of objects previously
seen is unimpaired up to the point at which the individ-
ual's coordinations of movement become so much
affected that the charting is defective on that account.

It is interesting to note that the sensitivity and
acuity of the sense organs show no consistent impair-
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ment, and that apparently the speed of simple reactions
(the simple reactions do not, in general, require a high
degree of integration) is not intrinsically diminished.
More work remains to be done on simple reactions,
however, before definite statements can be made. The
distinctive effect on the nervous system, in short, seems
to be a change in its integrative action, and not a change
in the efficiency of any particular part or unit. The
whole picture of progressive asphyxiation, from a
psychologic point of view, is strongly suggestive of the
picture of progressive alcoholic intoxication.

Under the practical requirements of rating, tests
must be single and brief, during progressive depletion
of the oxygen supply. If many individuals are to be
examined it is not practicable to spend even several
hours on each one. Hence it is not possible to hold
the subject at a moderately high altitude, such that
asphyxiation effects will eventually appear. Nor is it
possible to repeat a briefer test a number of times.
Plence, the subject must be allowed to rebreath himself
rapidly (during not much over a half hour, at most)
to a low point of oxygen tension, reaching his maximal
"altitude" for that rate of "ascent." It follows that
the method used must be one which is not approved
for psychologic work under other conditions, and
which, for want of a better term, is called clinical.
That is, since the reactor's condition is rapidly
changing from minute to minute, we must be able
to determine at any minute his psychologic condition,
and cannot use the method (more exact under other
conditions) of determining the average speed and
accuracy of work done during a period of several
minutes.

It was early discovered that under asphyxiation, as
under alcoholic intoxication,"it is possible for a reactor
to "pull himself together" for a brief span of time (a
minute or even several minutes), during which his
efficiency on a set task may be as high as in his normal
condition, or even higher, sinking at the termination
of the task to a relatively low level of efficiency. It
given a series of tasks, with brief resting intervals
between, the reactor may therefore accomplish a per-
formance that is practically normal, even up to a
minute or two before the point at which complete
lapse of integration occurs. In this way, his real
psychologic deterioration may be concealed. It is nec-

essary, therefore, to set a task which, although min-
imally fatiguing, is practically continuous, allowing
the reactor no expected periods in which no work will
be demanded of him, and thus preventing him from
making use of attention peaks, as the phases of "pull-
ing himself together" may justly be called. In deter-
mining the sensitivity or acuity of sense organs, on the
other hand, the "attention peaks" are precisely in order,
and pause should be taken to present the stimuli at the
highest peaks.

It is probable that in earlier work on the action of
alcohol and other drugs, and of fatigue, many failures
to find psychophysical effects were due to the evoking
of attention peaks by brief or periodic tests, thus
masking the real condition of the patient tested.

Many tests that otherwise would be applicable impel
the reactor to hold his breath during the crucial
moments. The conventional steadiness test is one of
this sort. If the reactor, already suffering from oxygen
deficiency, holds his breath for twenty seconds, or

largely reduces his breathing during that period, he
makes a large change in his oxygen supply. Hence
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the purpose of the test is largely defeated. The steadi-
ness test, and others in this class, although some show
marked effects of low oxygen tension, cannot be used.

The apparatus used in administering the psychologic
. test we have called the "L V F" apparatus. The prin-

cipal parts of the apparatus are assembled on a table
with a top adjustable in height and slope, supported
on a single heavy post from a cast iron base. This
table (the so-called Dunlap table) is designed to give
the necessary rigid but convenient mounting.

APPARATUS AND METHOD OF TESTING

•

The apparatus mounted on the table is designed to
require attention and reaction on the part of the man

undargoing the test analogous to the conditions of the
pilot in the air. It allows the slightest deviation of
reaction or lapse of attention to be noted. It consists
of three separate units:

1. A series of fourteen stimulus lamps (2 candle power)
arranged in two rows of seven each, with two similarly
arranged rows of contact buttons, each button surrounded by
a metal washer ; a green check lamp and a red error lamp, and
a stylus with a hard rubber handle and metal tip. These parts
of the unit are so wired electrically that when a stimulus
lamp is lighted the corresponding contact button is "alive,"
and if touched with the metal tip of the stylus causes the
check lamp to light. If the washer surrounding any of the
buttons is touched with the stylus at any time, the error lamp
is lighted.

2. Two ammeters, mounted on a metal arm above the table
top. These are connected in series with two rheostats, one on

the upper side of the table top at the edge nearer the reactor,
the other underneath, at the edge nearer the observer. One
ammeter faces the reactor, the other the observer. A change
in the resistance made by the observer at his rheostat, causing
a change in the ammeter reading, may be compensated for
by a change in the reactor's rheostat, by which the original
ammeter reading may be restored.

3. A small electric motor, mounted on the upper side of the
table top. This motor is connected in series with a third
rheostat underneath the table. A two-way lever switch
mounted underneath the table at the observer's edge and a

rocking pedal two-way switch on the floor under the table,
connected with the rheostat, can be cut out (thus increasing
the speed of the motor) by either switch, and again cut in
(thus restoring the lower motor speed) by either switch.

In order to control the fourteen stimulus lamps, lighting
them at the proper time, an accessory piece of apparatus is
mounted on a small table in any convenient position, and elec-
trically connected with the apparatus on the Dunlap table. At
first, this accessory apparatus consisted of a button board,
having fourteen buttons corresponding to the fourteen lights ;
and from these buttons an enlisted man controlled the lighting
of the stimulus lamps, timing his actions by a stop-watch.
For this button board an automatic distributor is now being
substituted, which both times and selects the lights, being
operated by a synchronous motor.

Before the rebreathing is commenced, the reactor is given
carefully formulated instructions, and if necessary he is
coached during the first three minutes of the work. His tasks
are as follows: 1. As soon as a stimulus lamp lights he must
touch with the stylus, held in the right hand (except in the
case of left-handed subjects), the corresponding "button,"
touching it accurately and carefully. 2. Whenever the motor
increases speed, as indicated by a change in its sound, he must
bring the speed down to normal again by throwing his pedal
switch. 3. When the hand of the ammeter is changed from its
standard position, he must bring it back to standard by varying
the position of the rheostat handle.

During the early part of the test, the psychologist notes the
composure and attention of the reactor, and his comprehension
of the instructions ; also his motor tendencies, which are
recorded in a fixed scale of types. Further, the psychologist

watches for the beginning of the effects of oxygen deficiency
on attention and coordination ; for the moments at which these
effects attain a certain standardized importance, and for the
final moment of "complete inefficiency," which will be followed
very quickly by a complete breakdown and unconsciousness
unless the reactor is given air. Since the change in the
reactor's condition is very rapid at this phase, and the effects
on the nervous system lag behind the respiratory conditions
somewhat, prompt relief is necessary, or the reactor may
become unconscious after being given air : before the renewed
air supply "catches up" with the nervous system, as it were.

RESULTS
The various ways in which the effects on coordina-

tion and attention are manifested in different reactors
have been carefully analyzed and studied, and, as a
result, very satisfactory results are obtained.

In addition to the practical application of the tests
to the rating of aviators, we have obtained results that
have considerable scientific value for future psycho-logic work. The application of our general method
(that is, involving a group of continuous tasks) to the
study of problems of drug and fatigue action is an
obvious possibility. Our specific apparatus and routine
are adapted to the oxygen rating problem alone, but
modifications to suit the purposes of research may be
readily made. One such modification has been made
already by Captain Dockeray, for work on fatigue and
"staleness," and is being given thorough trial. Care-
fully worked out series of experiments on discrimina-
tion and judgment, code translation, mathematical
operations, memory, auditory functions, etc., have been
made under the supervision of Captains Dockeray and
Johnson and myself for the purpose of checking myearlier results, and tests on handwriting have been
made by Major Watson in the low pressure tank.
These, in addition to their bearing on the rating tests,have produced important scientific results.

In working on the psychologic factors in blood près-
'

sure changes, striking indications of the presence of
which appeared in the rating tests, we have found
strong evidence that apprehension is uniformly accom-
panied by a rise in systolic pressure, which tends
shortly to return to normal, but that when actual fear
is present the rise is much more sustained. The condi-
tions under which the rise due to apprehension occurs
are somewhat complicated ; we should have reason to
expect it under practical conditions, for example, when
the flying cadet is notified that he is to make a flight,with possibly entire subsidence a short time later when
he actually gets into the machine.

Some Thrift Expedients in Germany.—P. Bonnette relates
in the Presse médicale of recent date that the Germans are
putting up fruits with tablets of sodium benzoate and sodium
cinnamate, without sugar. The sugar can be added when
they are to be served if desired. Milk to be transported
any distance is frozen in large cakes kept in isolating con-
tainers. Fallen leaves are collected in large quantities, dried
in ovens, ground, mixed with molasses and pressed into cakes
which are fed to animals in the place of oats. He quotes
a Munich paper to the effect that these dried leaves make
excellent fodder for animals, especially the leaves of the
elder. They are said to be richer in albumin than hay, and
easier to digest as they do not contain so much cellulose.
Visitors to the Leipzig fair were notified that they must
bring their own tablecloths and napkins if they wanted any.
Shrouds for the dead are made of paper, and he states that
it is being debated whether to make it compulsory to exchange
the clothes of the dead for paper substitutes.
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